The effect of start block configuration and swimmer kinematics on starting performance in elite swimmers using the Omega OSB11 block  by Slawson, S.E. et al.
Available online at www.sciencedirect.com
5th Asia-Pacific Congress on Sports Technology (APCST) 
The effect of start block configuration and swimmer 
kinematics on starting performance in elite swimmers using 
the Omega OSB11 block 
S.E.Slawson*, P.P.Conway, J. Cossor, N.Chakravorti, T. Le-Sage, A.A.West 
Sports Technology Institute, Loughborough University, Loughborugh, LE11 3QF, UK 
Received 19 March 2011; revised 14 May 2011; accepted 16 May 2011  
Abstract 
Work detailed within this paper has begun to explore the effect of altering start block set-up and swimmer stance on 
subsequent starting performance using the Omega OSB11 starting block. Thirty-two elite British Swimmers were 
tested in 12 difference configurations during which, force, timing and distance information were captured. ANOVA 
tests have been carried out on the overall data set, revealing significant differences in output/performance variables as 
a result of changing the width of the swimmers stance. In addition, a single case-study is presented demonstrating the 
effect stance and set-up can have for an individual athlete. Future work should look towards finding general trends 
that may help less experienced athletes to improve their starting performance. It is thought that more specific analysis 
of elite athletes may enable “ideal” set-ups to be advised to athletes to gain advantage in the start phase of a race. 
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1. Introduction
A swimming race can be broken into four contributing phases, i.e. the start, free swim, turns and
finishing phase. For shorter races the start, i.e. time to 15 m, can have a significant impact on total race 
time, for example the women’s 50m freestyle event at the Beijing Olympics 2008 this contribution was 
26% [1]. Similarly, Cossor et al. 2001 reported the start could account for a quarter of the total race time, 
derived from analysis of races in Sydney Olympics 2000 [2]. The start may also be broken into three 
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contributing phases, i.e. block, flight and underwater. The block phase refers to the time between the start 
trigger and the swimmer leaving the block. The flight phase is from the end of the block phase to the entry 
of the head into the pool. The underwater phase can be broken into two subsets of gliding and swimming 
and accounts for the period between entry and the swimming reaching 15 m, a distance typically used to 
define the end of the start as it is the maximum distance a swimmer is allowed to travel before break-out 
[2]. 
There are two techniques used during the block start: (i) the grab, where both feet are positioned at the 
front of the block and (ii) the track, where one foot is placed on the front of the block and the other is 
displaced towards the rear of the block. Prior research has explored the differences and potential 
advantages of each start. In some cases a preference towards the track start has been suggested [3, 4], 
however, Vilas-Boas, et al. 2003 and Kruger et al. 2003 found that neither technique was conclusively 
advantageous [5, 6]. With the introduction of the Omega OSB11 start block [7] that features an 
“adjustable, slanted footrest” there has been a shift towards researching the differences between the 
traditional track start and the track start using the footrest [8, 9], with no reference to the grab start. 
Nomura et al. 2010 and Honda et al. 2010 [9, 10], supported Omega’s claims that using the footrest 
proved advantageous during the start and both suggested time and effort would be necessary for athletes 
to achieve these improvements. The slanted footrest can be moved into one of five finite positions from 
the front of the block in 35 mm increments.  
It is expected that exploring differences in technique, due to changes in block set-up and swimmer 
stance, will enable the use of the footrest to be optimised for individual athletes. The aim of this research 
is to develop an understanding of athlete variability and subsequently suggest guidance for optimal use of 
the footrest for different swimmers. It is expected that general trends from elite athletes may be useful in 
guiding less experienced athletes towards the “ideal” start set up and stance, however, cases for each 
athlete must be assessed in order to determine specific interventions to improve individual performance. 
2. Methods 
A total of 32 elite British swimmers, comprising 17 males, average height 182.28 cm, average weight 
77.47 kg, and 14 females, average height 170.33 cm, average weight 65.63 kg were included in the tests. 
Each swimmer was asked to perform starts in twelve different setup conditions. Swimmers undertook a 
minimum of two dives in each position over the course of three training sessions. The total number of 
dives recorded was 722. Swimmers were instructed to perform each start maximally to 15 m using their 
preferred competition stroke. 
Table 1. Testing variables and levels used in the study. 
Variable Footrest position Width of stance Front leg 
Levels 3 2 2 
Description Positions : 3, 4 , 5  
i.e. the three furthest from the front of the block 
 
Wide (shoulder width apart)  




 Total variations 12 
 
Measurement of 3D force production was facilitated via a specifically designed start block, integrating 
force transducers in the main block and footrest components (Figure 1). A multi-camera system was also 
used to give visual feedback for both over and underwater phases of each start. The two components were 
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synchronised using a digital trigger generated from the starting signal of each trial. Video data was also 
used to obtain measures of performance, such as flight distance, via digitisation techniques. The time to 
15 m was recorded for each trial, using a timing device that was synchronised with the capture of the force 
and vision data. 
 
 
Fig. 1. Instrumented start block for force measurement in the main block and footrest components: direction of arrow indicates 
positive force 
To explore the effect of footrest set up and swimmer stance on starting performance a number of key 
variables were identified. These were defined as either input, output or performance variables and were 
collectively investigated (see Table 1). Data sets were divided into male and female subgroups which 
were analysed independently to identify any gross trends apparent in the data. Due to the individuality of 
trained athletes, two case studies, one male and one female, were then analysed to investigate the effect of 
footrest set up and swimmer stance for individual athletes. The width of stance input variable was 
classified as either narrow or wide. The wide position was defined as feet being shoulder width apart, as a 
minimum width, the narrow being one foot placed behind the other, within +/-5 cm of the centreline of the 
block. Wedge position was defined as 3, 4 or 5, pertaining to the position from the front in which the 
footrest was placed, 3 being the nearest to the front edge, 5 the farthest. Front leg specified whether the 
left or right leg was on the front edge of the block. Trials were randomised between each session to ensure 
that issues such as fatigue and learning effects were minimised. 
Table 2: Measurement variables used in analysis of starting performance 
Input variables Output variables Performance variables 




Peak Fz Main block 
Peak Fy Main block 
Peak Fz Footrest 
Peak Fy Footrest 
Horizontal take-off velocity 
Head distance 
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3. Results 
3.1. Overall data results 
ANOVA tests were run to explore the effects of width of stance on output and performance variables 
for both male (Table 3) and female (Table 4) athletes. Forces have been expressed in body weights 
(BW’s) and head distance has been considered as both a “raw” value and normalised to the individual’s 
height, i.e. measurements in terms of body lengths (BL’s).  
For male athletes significant relationships were found between width of stance and block time, peak 
forces on the footrest and horizontal take-off velocity. Block time was on average 0.022 s shorter using a 
narrow stance (p < 0.001). This difference, although small, could have the potential to alter the outcome 
of a race, assuming this difference was maintained throughout. For example, in the Delhi 2010 
Commonwealth Games, the difference between first and second place in the 50 m Fly was just 0.02 s. 
Horizontal and vertical peak forces at the footrest were 0.077 (5.97 kg of force) and 0.072 (5.58 kg of 
force) higher respectively, using a narrow stance. Horizontal take-off velocity was 0.14 m/s higher using 
a narrow stance.  Assuming a typical flight time 0.34 s [6, 10, 11] this could translate into ~5 cm further 
into the pool. 
Table 3: Significant ANOVA results for width of stance vs. output/performance variable for male athletes 
 P value Narrow mean Wide mean 
Block time (BT) 0.000 0.762s 0.784s 
Peak Fz Footrest (FzFR) 0.000 0.901 BW 0.824 BW 
Peak Fy Footrest (FyFR) 0.000 0.942 BW 0.870 BW 
Horizontal take-off velocity (HVel) 0.001 4.67m/s 4.53m/s 
Table 4: Significant ANOVA results for width of stance vs. output/performance variable for female athletes 
 P value Narrow mean Wide mean 
Peak Fy Main block (FyM) 0.044 0.642 BW 0.656 BW 
Head distance (raw) (HD) 0.000 2.16m 2.08m 
Head distance (raw/height) (HFactor) 0.062 1.25 BL 1.23 BL 
 
ANOVA’s of the female athlete also revealed significant relationships, namely between peak 
horizontal force on the main block and head distance of entry, both with “raw” distances and normalised 
by the swimmers height. These relationships showed no consistency with those of the male athletes. 
Horizontal force was averagely 0.014 BW’s higher using a narrow stance i.e. 0.92 kg. More interestingly, 
head distance of entry was further when using a narrow stance, i.e. 8 cm, 0.02 BL. In general these data 
suggest a preference towards using a narrow stance on the block for optimal starting performance in the 
general sample population. It is noted that, gender, stroke and individual variations can only be 
investigated in detail via continued trials. 
3.2. Case study of individual athlete 
Individual swimmer case studies have been analysed to explore differences due to swimmer stance and 
block set-up on starting performance. Case study 1 is an elite, female swimmer. The effect of changes in 
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input variables has been assessed for this individual (see Table 5). In this case a number of significant 
relationships were found for both output variables and performance variables. The most notable influence 
on set-up was the “front leg”, which resulted in significant relationships for all output and performance 
variables tested. An example of these differences can be seen in Figure 2, where head distance of entry is 
9 cm =/- 0.04 cm further on average for dives where the swimmer had dived with their right leg forward 
as opposed to their left.  
Table 5. ANOVA results for all input variables vs. output/performance variable for an individual, female athlete. 
 Wedge position Wide/Narrow Front leg 
Head distance 0.105 0.573 0.014 
Block time 0.273 0.471 0.001 
Peak Fz  0.907 0.823 0.000 
Peak Fy 0.169 0.493 0.000 
Peak Fz W 0.023 0.000 0.049 
Peak Fy W 0.002 0.022 0.000 
Horizontal take off velocity 0.031 0.081 0.000 
 
 
Fig. 2. Female case study, effect of front leg on distance of entry, average L = 2.05m, R = 2.16m. 
Footrest position was also found to have significant relationships with output and performance 
variables. Horizontal take-off velocity was on average ~0.1 m/s higher in positions 4 and 5, compared to 
3, suggesting the swimmer performs better in either position 4 or 5.  Similar relationships were found 
between footrest position and peak forces generated off the footrest. Vertically, positions 4 and 5 were 
~0.05 BW’s higher than in position 3. Horizontally this difference was 0.094 BW’s between positions 3 
and 4 and 0.116 BW’s between positions 5 and 3. This suggests the swimmer is able to produce higher 
peak forces in positions 4 and 5 compared with 3 and that horizontally this is more pronounced for 
position 5. 
Peak forces off the footrest were also found to be significantly different for width of stance. For 
horizontal and vertical forces the narrow stance had higher average force values of 0.087 BW and 0.055 
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BW respectively, for this athlete this equates 5.24 kg and 3.31 kg. In summary, these data suggest the 
swimmer is best diving with their right leg forward, in position 4 or 5 using a narrow stance. It is 
important to note that the number of trials are limited (n = 24) therefore observations must be interpreted 
and combined with technical analysis of video data with regards to technique to reinforce these 
assumptions. However for an elite swimmer it would be unrealistic to expect a significantly higher 
number of trials over three training sessions to fit within their focused development schedules. Given a 
high base level of competence expected from an elite swimmer, it was considered that differences 
observed, as a result of changes of input variable, would be “real” as the level of repetition and 
consistency is typically very high in this level of athlete. 
4. Discussion and Conclusion 
The effects of start block set-up, for the OSB11 block, and swimmer stance on overall starting 
performance has been discussed in elite athletes in this paper. Over 30 swimmers were tested in 12 
different set-up variations. A number of output and performance variables were measured for each dive to 
give an indication of overall performance. 
General trends have been observed for all swimmers with regards to the effect of varying the width of 
stance on starting performance. Male and female data were analysed separately and the effect of width of 
stance on performance was determined. It was found that although both groups demonstrated significant 
relationships between width of stance and output or performance variables, the relationships were not 
consistent between each group. Initial conclusions indicate that a narrow stance consistently produces 
better output and performance variables compared to the wide stance. However, given the lack of 
consistency between male and female groups it is suggested that further analysis and trials be undertaken 
to identify the root causes of these differences. A case study focused on the performance of an individual 
athlete has been presented where the effect of each of the input variables have been assessed against 
overall performance to provide insight into the “best” set-up for this athlete.  
An additional objective of this research is to determine performance characteristics that could be used 
to guide less competent athletes to an improved starting performance. Furthermore, quantitative feedback, 
combined with qualitative professional analysis of technique has proven to be a valuable tool in providing 
detailed insight into the “ideal” set-up conditions for individual athletes. 
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